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AI IS’J’I{AC’J’

‘1’l]c rc]ilarld)ly  st,ro]]p; radio  p;ravitatiollal  lclls 1’1{S 1830-211 consists  of a

O]]C arcsccond dialnctcr  ]’;instcirl  ring  wit]]  t w o  l~rigllt colill)act  (l)lilliillcsccc~ll(l)

cx)llll)ollcnts locatd  0]1 op]msitlc sides of tl]c ring. WC llavc oljtaillcd 2’2 G117,

\/],]jA []ata  ~11 t]lis SoLlrC~:  to {][:t~~ll]ill(:  {,])c il)trillsic  allgul?~~  s i z e s  of t]]c

coIIIpact com]mnmts. l)rcvious  V],])] okrvatiolls  at l o w e r  frcqumlcics  indiwtc

tl]at tl)c ))rigl]tllcss  tc]n]maturcs  of tl)csc  Col])])o])c]lts  arc sig’llific.ant]y  l o w e r

tllall  10]o 1{ (Jaullccy,  ct al. 1991), Icss t}lall  is tyj)ica]  forcolnpact  syl)cl]rotrol]

r a d i o  sourcxx a]id lCSS tllall  is im])licd  I)y fl~lx dmlsity  variatio]ls.  A l)ossil.)lc

t:x])lariatiorl  is that illtcmtdlar  scat, tminp;  is Lroadulillg;  tllc  a])pam]t  angular

sixc of the source a]ld tl]crcl)y  rcducillg; the ol)scrvcxl  l)riglltllcss  tclll])cratllrc.

o u r  VI,13A datas upport  this llyj)ot]lcsis. At 22 Gllz tllcmcasurcd  briglltlicss

1] 1< al)d t,llc dccoIIvolvd s i z e  o f  tll IC c o r e  i]) tl)ctcIIIpcratuIe i s  at l e a s t  1(I ,

sout]lwcst  c.o]npac.t COIII])OIICIIt  is })ro])ortiolial  to v- 2  Imtwcml 1.7 and  22 Gllz.

,%lbjCCi  ]LC17diTl@” ~;alaxics: individual (1’1{S 1830-21 1) gravitational lcllsillg

scattcril)g
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1. lntroduc.tion

‘1’lIc II;illstcill  ring gravitational lc])s  1’1<S 1830-211 is olic of tl]c strollgcxt  colti]mct,

radio sourc.cs  il] tllc  sky, I]carly  two orders of IIlagllitudc  Lrigl]tcr  at radio frcqucllcics tllall

ally otllcr k]]own  gr:ivit:ltio]la.1  lc]~s  (Itao  ttIId Subral  IJJIa~IyaII 1988; Jau IIccy, et al. 1991).

‘1’lIc sourc,c  c.ollsist,s  of a ])air of brig;l]t  colil])act  (Inas)  Cmln])ollcllts  011 opposik  s i d e s  o f

a 1 arcsccoI)d  diamckr  rillp;  of clnission. 1 lot]] co]npaci  com]mnc IIts have l)ccll  ilnagcd

wit]]  \/1,111 at, 1.7 (;IIz (Jones,  ullpublisllcd),  2.3 (;IIz (Jau IIcx:y, ct al. 1991; Kill:;, ct al.

1993), 5 Gllfi  (Jolm, (!t al. 1993; JOIICS 1994), al~d 2 2  (~llz  ( J o n e s ,  d al. 1995 and this

l)a]wr),  Variatio]ls ill tllc  ]riorl)llology  of l)otll  coll]])act  colnpollclltls  IJavc km] Sccl]  bctwccll

two Vl,]ll C] KKIJS at 5 Gllz (Jones 1994). ‘1’l)c!  CXtl’ap;ahldic  IIaturc of 1’1<s 1830-211 was

con firl))cd by ~;alaciic  111 c]llissio]l and a}mr])tio]]  ]IIcasl]lc]]l(:Ilts  (Slll~l’alllIlalIyalI,  l{cstC!vcl  I,

a]]d k IJii]td  IIckkd  1 9 9 2 ) .

‘J’l]c large radio  flux dmlsity  of 1’1{S 1830-211 IIas allowed a large quantity of lligll

si~;llalto  IIoisc sillglc-disll  and  illt,crfcrolnctric data to Lc ol~tail]cd (e.g., Slll~ralll  lltillyall,  ct

al .  IWO; JauIIccy,  ct d. 1 9 9 2 ,  1 993; vail OmlllCll,  ct al. 1 995;  IJovdl,  et al. 1 995).  ‘1’llis

wcaltll  of olmrvatiolla]  illforlnatiol)  l)rovidcs  stm]l~;  collstraillt,s  011 tllc .gco]nctry  of  tlic lCIIS

systc]ll  al)(]  lI~ay ]cac] to al] aCCUI~tC  cst,il)latr(:  of t]JC ]a]gc-sc,a]c  vd]uc of 1 10  t$’llcll  COlnbillcd

w i t h  rcdsllif(ls a]]d the diflcrclltial tilnc delay  l)ctw’cc]l  tl]c two illla~cs.

‘1’IIc over-al] Inor])lIology  of tjllc  source l)as bcc]l succcssful]y  lIIOCICICCI  as a I.)ackgroul]d

core - j e t  r ad io  source  lcl)scd by a sil)glc lncdiulll-lilass  ~;alaxy  (l{ OCllaIICli and iNarayan

1992;  Nair, Narasiln]la,  and  ]{ao 1993). ()])tical  rcdsllifts arc s t i l l  u n a v a i l a b l e  bcxausc tllc

]msitioll  of l)l{S 1830-211 is C.1OSC  to tllc  galactic cc]ltcr  (1 = 12!2, b :. - 5Y7) ill a region

(1’owd~:d with forcgl’oull(]  stars (1 )jO1’gOVsliy,  ct al. 1992; Jaullccy, ct a l .  1!1!13). llowcvcr,

tl)c r(!dsllift  o f  tllc lc]lsi]lg  galaxy lIas lmct] rcmltly dctcr]l]i]ld  fro]n radio absor])tio]l

li]]c ohx:rvatio]ls  (Wililill[l  al)d Colnbcs 1  996 ) . ‘1’IIc  ti]llc  d e l a y  I)ctwccll tllc two COIIIl)aCtl
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l)ifllla]) (Sl)cpllcl’(1> l’carson, al)d ‘J’aylor  1 9 9 4 )  for diting, self-[:alil ) latic)ll, illiagil)g,  aIId

(lcc:oll~~ol(lti  oil. ‘1’llc data  were col)crc]lt]y  averaged t,o 15 sccolids, a n d  (IIC [!1’1’01’s  lvcrc

cstlilllatcd  frol]) tllc scatter  of  tlic  l-sccolld data l)oil)(s  lkritliill  cacl I avcragil)g  il)i,crval.

l’llasc-o]l]y  corrcctiol]s were a])])lid durill~;  cad] “sclfc.al - ilivcrt-c.lcall)’ c.yclc until  tjllc

]llodcl flux dm]sity  Inatchcd tllatl  of tlllc visibility data OII tllc  sllortcst  baselines to witlli]l  a

f(:w ]) CICCIIL. At that, lmi]lt  ti]l-lc-i]]clc])cll(lc]]t  aIItCIIIIa  gai]] corrcctio]ls w e r e  allowd (tllcsc

corrcctio]ls  were < 12% for all aIItcIIIIas)  for several cycles, followed by ti]llc-clc]~c]](l(:]]t  gai]l

corrcctiol]s wit]]  dccrmsing; tilllc sca]cs until f[lll ])c)illtl- l)y-])oillt  aIn])litudc  self- cali])ratioll

was a])]) lied. ‘lllIC self-cal solutions rcmaillcd  very stal)lc  frolll ollc cyc.lc to tllc  llmt. ‘1’llc

fil]a] a~;rcclllcl]t  factor (dud X2) bctwcul  our  l[lodcl a]ld tllc  s(:lf-ct~liljlati[)ll  data was

[).86.

3. l{c!sults

I’igurcs  1 and  2slIowour  Vl,llA ir~]agcsoftl]cNltz~]l[l SM~co]]]])o]]c:]ltsofl’l<S  1830-

211, rcs])cct,ivcly. ‘1’]IC ~]’; COIllJ)OIICIlt  ~])lJC:iI’S  tO ]l~VC .3 jd CXtClldill/; ~t ]C~St  12 lIl~S

t o w a r d s  t]Ic NW, and a brip;])t  core t]lat is s]ig]lt]y  cxtc]idcd  towards t]lc NW as WC]]. ‘J’]Jc

s\41  [Olllpoll(!llt  ap])cal’s to h V e r y  m!al’]y  Lllll’csolvd. l{cc(!llt  15 Gl]z v],]]] Ol)s(!l’vatiolts

l)y (;al’l”(!tt,  Ct al. (1995) col)fir*]l  tl,at the N]’; Colll],o,]cl,t  IIas a well-dcfi**cd jet as w{!]] as ii

CON:,  w]li]c t]lc  S W  co]nl)ol)c]lt  is cssclltia]]y  UIIKSOIVU] (SCC dso ]’at]laik and ]’orcas  1995).

‘1’IIc  SW co]nl)ollcllt  ill 1’KS 1830-211 is tllc  It)orc co]npact  of tllc  two bright coll]])ollc]lts  at

all frcqucncics,  and  collscx]ucl]tlly  is tllc  lmst ollc to usc as a  t e s t  fo r  1S,S bmadcllil)g.  ‘1’llc

22- GIIz ilnap;e of tllc SW c.oln]mllmlt shown in Jones, et al. (1W5)  has sligl]tly  IIigl,cr

a]l~ular  rcsolutiol]  Lut  sig;l)ificalltly lower dyllalllic  rallp,c t]lall tllc  illlagc  ill figure 2.

coo]) rrativc agrccll]cllt  wit]] tllc  Natiolla]  Scicllc.c  l“ollllcit~(,ic)ll.
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II;l)I’1’01{:  I’I,ACII; l~l(; lll{l;  1 11

ltl)l’1’oli:  I’I,ACI: l+’l(;  lJl{l;  ‘2 IIltl{lt.

‘llIIC aIIp;ulaI scj)aration bCtWCCII tlIC l~liglltcst  ])~a~~s  ill fig~ll’~s  I al~cl ~ is 972 ={ I lll~s

\/],]]]  ~)]~sclvtitiolls  of ]’]{S ]s30-z]  ]  at, ~ (;]]z ill NOVCII)l)C] )990  aI)c]  $c])tcIlll)c~ 1991

indicated  aII~; ulaI sc])arai,  io]ls of 975 j 2 aIId 973 :1 2 II IaS, res]xdivcly  (Jo]lm, ct al. 1993).

‘1’lIIIs,  wc find 1)0 cvidmlccfor  a sigllifical]t  cllal]gc  ill sc]mratioll  over 3.5 years. As Williall)s

a]ld Sal]a (1995)  ])oillt out, ccl~troid sh i f t s  causa l  1).y lnic.rolcllsi]lg  s]lould  IIOt lx dckctal)lc

ill radio ill]agcs.

l“i~;urc  3 slIow tlIc dccoIIvolvcd  II]i]]or a x i s  w’idtl]  of tl)c SW Colll])ollcl]tl  at foul

frcqucllcim:  1.7 Gl]z (ul)publisl]d  data frolll all a(l-lloc  \~l,l\A cx])crilllcJlti]l  1990),  ‘ 2 . 3

Gl]z (I{ilig 1995), 4.9 Gllz (Jo]]cs 1994), al]d 22 Gl]z (this ]m])cr).  l)cco]Ivolvcd  s i z e s  am

used to IWIIIOVC  (or at least rcducc)  tl]c bias  i]] observed al Ip;ulaI  sizes wllicl]  is introduced

b y  tlIc li][]itcd  raIIgc  o f  Lasdillc lc]IgtJIs  i]] cad] Vljl~l  array. WC m]t]l)arc tlic IIlillor

axis sizes kausc intril)sic source strLIcturc  is II IOrC! likdy  to co]ltributc  to tllc  lnajor  axis

size. ‘1’l)c s]o])c of the lillc fit to tllc  angular size IIlcasurclllcllts  ill figure 3 is 1.924  0.14,

collsistcl]t  wit]l  t h e  A2 dqmIdcIIcc cx]xctcd for  scattcrillg. ‘J’])is SUggCsts tl)at a n g u l a r

s i z e  lll(:?islllcll]cllts ]nadc l)y V],]]] at frcqumlcics  < 22 Gllz arc illdccd  afl’cctcd  by al)gular

I)roadcl]illg  duc to 1SS.

At 22 (;IIz the dcc.onvolvcd six of I,llc  SJV  colllpollcnt  core is lCSS tllaII 0.6 x 0.2 Inas

aIId ‘1’1) > 101] 1<. ‘1’llis i s  IIIUCII II1OI’C ty])ical  o f  tlIc l)rip; lltllcss tclll])craturcs sccII i]] otllcr

(:xtragalactjic col[l])act radio so(lrcm.
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4. l)iscussion

‘1’llc alt]ou])t  of 1SS cx]mtcd  for a lillc of siglit  ])assillg C1OSC  to tllc  cc]]tcr  of our galaxy

call k cstilnatcd froln  the lncasurcd  aIIgular I)roadc]iill,g  of isolatd 1120  m a s e r  fcaturm ill

W49(N) a]ld Sg;r 112. (;willl~, h40ra11, a]ld l{cid (1988) foul]d  IIli]li]nu]n  a])g;ular  sizes of 0 . 2

I])as ill W49  and  0.3 lnas  ill Sgr 1)2. ‘1’llis  is c.o]isistclit with our J)lcasurcd  angular size of tl)c

SW col]l]m])cllt  mm ill 1’1{S 1830-211 at 22 Gllz. (;w’illll, hlora]l,  al)cl lkid also foul](l  tl)at

0 1 1  l]lascrs  ill W49  al]d Spy 112 had al]gular s i zes  collsistc]lt  w i th  @ cx A2 w’llcn com]mrcd

wit]] 1120 lIIascr  siz,cs in tl]osc  ol>jcc.t)s.

1( is intcrcstillg;  Lo coln]~arc o u r  ll){:zlslll(:ll)c:l)ts  wit]] tllosc  prcdictd  I)y tllc  IIlalldford

a n d  Ilarayall  (1985)  forlllllla  for 1 s s :

0]ss ~ 2((;;)3/:’ A11 /[’ 1)3/[’  al’csccol]ds,

wllcm  J i s  tllc wavclc]~gt]]  ill II Ictcrs aIId l) i s  tl]c ])atll lcllgtli  tllmugll  tllc lSh4 in l<]}c.

C; ~;iw:s  tllc  strcm~;lll  of clcctmn dcllsity fluctuatiol)s  ill tl]c ISM. A1lalltl]a]alIlaiall  a]]d

Nwayan (1988)  f i n d  C: % 1.5 for low galactic  !atitudcs  and 111 < 30°; wx! Ilsc a value of

1 sillcc tllc  galactic latitude of l)l{S 1830-211 (- 5Y7) is ]lot very sl]lall.  %tti]lg;  ~ = 0.013

Illck!rs and 1) N 5 kpc (tllc pat]]  lcllgtll  f o r  /bl = Y7 tllmup;]l  a })lanc ]Jarallcl  lSh4 wit]) a

llci~;llt  of 500 ])c) gives us 01ss H 0.4 lnas. ‘1’llis  is also  collsistcllt  Jvitll  our allgu]ar s i z e

(lct,(:ll]lill~~tioll  for 1’1{S 1830-211.

]“uturc  w o r k  lnay allow t,liis  altalysis  to bc cxtc]]dd  to tile com  of the Nl~J co]nl)o])c]~t.

‘1’llis  will 1.)c Inorc diff icul t  bccallsc of tllc IIig;l)cr  lCVC1 of cxtm]dcd  cll)ission  associald  with

tl]c Nlt c.olll])ollcl~t,  ]mticularly  v e r y  CIOSC to tlIc Lrig]ltcst  l)cak. I f  wc call dctcrlni]lc

tllc  dcf;rcc  of a]]gula]  l.)roadcllillg  of tllc  N]+; colll])ol)cllt,  c.olc  duc  to 1 S S  Wc will llavc al)

ol)l)ort[l])ity  (,o study di(l’crulccs  ill tllc  sc.attcrillg  ])m])crti(!s  of our  galaxy’s lSh4 at lnulti])]()

frc(]llcl]cim  alo]]g two lillcs of  s ight  OIIC arcsccoIId a])art. ‘~’llc rcsu]ts  ])rcsclltcd  lIcrc a l s o



8

sug[~cst  t,l)at  still IIip; l]cr frcqI.]c  Ilc.y \/1,111  (jl)sc~]ir:]tiolls  of 1’1{S 1830-21 1 \vill  IX! useful, sillcc

tl]c il~tril]sic  a]lg;ular size of tl]c radio source  core is still IIot causillp, a significant dcviatiol)

fro]]] ttlc  O M A2 re]atioll  at 22 (~llz.

‘1’llis rcscarc]l  was carried out at tllc  Jet l’ro])ulsioll  l,al)oratory,  California  lllstitute  of

‘l’ccl)])ology,  u]]dcr  c.ol]tract  with  tllc  Natio])a]  Acrollautics  a]]d S]mcc A(l]]lillistlatioll.  ‘1’IIc

Australia  ‘1’CICSCO]K  is  o])cratxxl as a IIatiollal  f~cility  l)y CSllto.
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l“if;. 1 . }(],]]A  il,la:;(:  of t]lc N];  COIII])aC.t,  CO II)]) OIICIIt i]] 1’1{s 1830-211 at 22 Gl]z. ‘1’11(:

collt!oul’s  ar(: -1, ] ,  ~, 4, ~, ](i, 3 2 ,  [jo, 7 0 ,  aTld {)h(fi, ;IIIC1 t]IC ImtoIiIIg  bCaIII (SIIOWII iII tllc

I)otltoln l e f t  c.orIlcr)  is a]] clli])tical  (;aussia]l Ivitll  I“WIIM  of 2.2 X 1.1 IIlas and tllc Illtljor

axis  alo]lg ])ositioll a])glc 1.5°. ‘1’IIc alxwlutc flux dcvlsity scale is l]ot well calibrated, Lut this

dlallp;cs mlly tl)c peak briglltllcss  ICVCI  of tll~ illlag(!  aIIcl INt  tlIC II1OIPIIO1OP;Y Of IJIIC SO UI’U!.

I ],’ig  ‘2,. \/],])A i]]-l;~p;~ of ~])c s~lr c,oII”I]Jact, c,o]]l])o]lcIIt  ill ])]<S ] 8 3 0 - 2 ]  ]  at ~~ (~]]Z. ‘]’lIC

CO IItOUIS  arc -0.5, 0.5, 1, 2, 4, 8, 16, 32, M, 70, all(l M(yo, all(l tlIC lCstcJ~ill?;  ~CalII ;S tlIC SaIIK~

l“if;. 3 . ‘J’]Ic  CICCOIIVO]VCC1  llljnor  axis al)gular  s i z e  c) f  tll(!  SW Colllponcllt  CO] ’(! at 22 (;117/

(~ z 1.3 Clll), b (~]]z (~ = 6 Clll), 2.3 ~]]z (~ = 13 CI1l),  a]]d 1,7 G]lz (~ = ]8 Clll).  ‘] ’])(;

dwoIIvolvcd sizm aII(l tl)cir (fc)rlnal ) c:rrors aL 22 ,  5 , aIId 1.7 (~llz  lvcrc dctcrl]lillcd wit]) tl]c

AI1’S ]Jrogram  ]h4]’’]’]’, using  o]l]y t]]c u])])cr 50% of i,]]e ])rjp;]ltncss  rmlgc  to avoid  bias  by aIly

c!xtclld(!d ICnv-lcvd St!l’uc.t)llrc. ‘J’hc si~,c  at 2.3 (;IIz is t,akml froln  l{ing  (1 995).  A ]cast-squarm

lillcar  fit, 10 tllc data I)oillts is sllowl):  this lillc IIas a slo~)c of 1.924 0.14.,
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